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CLAIMS 

a process for the preparation of polymers of ethylene comprising the polymerization 
reaction of ethylene and optionally one or more olefins in the presence of a catalyst 
comprising the product obtainable by contacting: 
\) metallocene compound of formula (I): 

R3. r2 




wherein 

the rings containing A and B have a double bond in the allowed position having an 
aromatic character; \ 

A and B are selected frona sulfur (S), oxygen (O) and CR^ being selected from 
hydrogen, a Ci-C2o-alkyl^ C3-C2o-cycloalkyl, C2-C2o-alkenyl, Ca-Cao-aryl, 
C7-C2o-alkylaryl, C7-C2o-arylalky^radical, optionally containing heteroatoms belonging 
to groups 13 or 15-17 of the Periodic Table of the Elements, with the proviso that if A is 
S or O, B is CR^ or if B is S or O, A i\cR^ 

R\ R^ R^ R^ R^ R^ R^, and R* which 'may be the same as or different from each other, 
are selected from hydrogen, a Ci-C2o-alkyl, C3-C2o-cycloalkyl, C2-C2o-alkenyl, 
C6-C2o-aryl, C7-C2o-aIkylaryl, C7-C2o-arylalkM radical, optionally containing heteroatoms 
belonging to groups 13 or 15-17 of the PeriodiATable of the Elements, and two adjacent 
R' and R^ and/or R^ and R"* and/or R^ and R^ cm form a ring comprising 4 to 8 atoms, 
which can bear substituents; \ 

M is an atom of a transition metal selected from those belonging to group 3, 4, 5, 6 or to 
the lanthanide or actinide groups in the Periodic Table W the Elements (new RJPAC 
version), \^ 

X, which may be the same as or different from each other, is hydogen, halogen atom, a 



R'° or*", OSO2CF3, OCOR'^ SR'\ NR'^2 or PR'^2 group, wherein the substituents R 



► 10 



► 10 
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are selected from hydrogen, a Ci-C2o-alkyl, Ca-Cao-cycloalkyl, C2-C20"alkenyl, 

X^6-C2o-aryl, Cy-Cao-alkylaryl, C7-C2o-arylalkyl radical, optionally containing heteroatoms 

belgmging to groups 13 or 15-17 of the Periodic Table of the Elements; 

p is ansmteger of ft^om 1 to 3, being equal to the oxidation state of the metal M minus 2; 

isopropjmdene(cyclopentadienyl)-7-(cyclopentadienyl-[ 1 ,2-b:4,3-b']- 

dithiophene)zirconium dichloride being excluded; 

and \ 

(B) an alumoxMie and/or a compound capable of forming an alkyl metallocene 
cation. \ 

The process according tcKclaim 1, wherein in the metallocene compound of formula (I) 
the transition metal M is selected from titaniimi, zirconium and ha&ium. 
The process according to any of^laims 1 to 2, wherein in the metallocene compoxmd of 
formula (I) the X substituents are chk>rine atoms or methyl groups. 

The process according to any of clairns 1 to 3, wherein in the metallocene compoimd of 

formula (I) A and B are selected from\ulfur and a CH group, either A or B being 

diflFerent from CH, and are Ci-C2o-alkyKgroups, and R^ is equal to R^. 

The process according to claim 4, wherein K\ R^ and R"^ are hydrogen, R^ and R^ are 

ni^til^, R^ is Ci-C2o-alkyl groups and R^ and R^ are hydrogen or methyl groups. 

The probs^ according to any of claims 1 to 5, wherein said alumoxane is obtained by 

contacting water with an organo-aluminium compound of formula HjAlR^^3-j or 

I^ALR^^6-j, where R^^ substituents, same or different, are hydrogra atoms, Ci-C2o-alkyl, 

C3-C2o^^^lalkyl, C6-C2o-aryl, C7-C2o-alkylaryl or C7-C2o-arylalkyl, optionally containing 

siUcon or gmnanium atoms with the proviso that at least one R^^ is different from 

halogen, and j m^es from 0 to 1, being also a non-integer number. 

methylalumoxane Q4AO), tetra-(isobutyl)alumoxane (TmAO), tetra-(2,4,4-trimethyl- 

pentyl)alumoxane (TIO^^), tetra-(2,3-dimethylbutyl)alumoxane (TDMBAO) and 

tetra-(2,3,3-trimethylbutyl)^timoxane (TTMBAO). 

The process according to any of cl^mis 1 to 5, wherein the compoimd capable of forming 
a metallocene alkyl cation is a compbimd of formula D^", wherein is a Brensted 
acid, able to give a proton and to reacKirreversibly with a substituent X of the 
metallocene of formula (I) and E" is a compatible anion, which is able to stabilize the 
active catalytic species originating from the reactionbf the two compoxmds, and which is 
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sufficifentl^abile to be able to be removed by an olefinic monomer. 
The process according to claim 8, wherein the anion 71 comprises one or more boron 
atomsT 

The process according to any of claims 1 to 9, wherein the process is carried out in the 
prese^ice of an alpha-olefin selected from propylene, 1-butene, 1-pentene, 1-hexene, 4- 
methyl-l^i>€Qtene, 1-octene, 1-decene and 1-dodecene. 

The process according to claim 10, wherein said alpha-olefin is 1-hexene or propylene. 

e process according to claim 10, wherein the molar content of alpha-olefin derived 
xmits is1>Qjween 0% and 60%. 

^e process according to any of claims 1 to 9, wherein the process is carried out in the 

ce of a cyclic comonomer. 
ITie process according to claim 13, wherein the cyclic comonomer is 5-ethyliden-2- 
noib^neije. 

The process according to claims 13 or 14, wherein the molar content of the cyclic 

monomer is between Omol% and 30mol%. 
A process for the preparation of a ligand of formula (II): 



and/or its double bond isomers, 

wherein A, B, R', R^ R\ R^ R^, R^ R^ and R^ are'd^fined as in claims 1-5, comprising 
the following steps: 

i) treating the compound of formula (HI) with at least oh^ equivalent of a base; 



B 



(m) 



wherein the rings containing A and B have a double bond in the allow«i^position 
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17. 



18. 



ii) 



having an aromatic character; A, B, , and are defined as in claims 1-5; 
contacting the thxis obtained corresponding anionic compound of formula (III) 
with a compound of formula (IV): 




whetein R', R^ R\ R"*, R^ and R^ are defined as in claims 1-5, and 



iii) 



\ 



treating the thus obtained product with a protonating agent. 
The process for^e preparation of a ligand of formula (IT) according to claim 16 wherein 
The base used in >^ep i) is selected firom hydroxides and hydrides of alkali- and earth- 
alkali metals, met^lic sodium and potassium and organometalUc lithium salts and the 

\ 

protonating agent usea. in the above process is a quaternary ammonium salt 

A process for preparin^s^the compound of formula (HI) as defined in claim 16 wherein B 

is a CR^ group comprising the following steps: 

i) treating a compourW of formula (V): 




wherein A is sulfur or oxygen. 



compoxmd of formula (VT): 



ii) 



wherein A is sulfiir or oxygen, 
contacting the thus obtained product with a re 
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between said reducing agent and the product obtained under I) of at least 1; 

iii) contacting the product obtained under ii) with a compound selected from an 
organolithium compound, sodium and potassium in a molar ratio between said 
compound and the product obtained in step ii) of equal to or greater than 2; 

iv) \ treating the thus obtained product with an agent selected from the group 
^M)nsisting of copper chloride, iodine and Mg/Pd., in order to obtain a compound 
o^ general formula (VH): 

^ -A 




(vn) 

19. A process for preparing the compound of formula (HI) as defined in claim 16 wherein B 

V g 

is sulfur or oxygen and\^ is a CR group comprising the following steps: 



V) 



contacting a compound of formula (VIII): 

»9 



\ 



R\^Li 



\ 



\(vin) 

wherein B is sulfiir or oxygenX 
with a compound of formula (IX),; 



O 
II 



\ 



R^ 



(IX) 



\ 



wherein B is sulfur or oxygen. 



\ 



and subsequently treating with a neutralization a'gent; 

vi) treating the thus obtained product with a reducing agent in a molar ratio 
between said reducing agent and the compound obtamed under i) of at least 1; 

vii) contacting the thus obtained product with a mixturcv of an organolithium 
compound and tetramethylethylenediamine (TMEDA) in a molar ratio between 
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20 



said mixture and the product obtained under ii) of at least 2, 
iii) contacting the thus obtained product with an agent selected from the group 
consisting of copper chloride, iodine and Mg/Pd., in order to obtain a compound 
of formula (X): 




(X) 



A process for prepa^ng the compound of formula (IH) as defined in claim 16 wherein A 
is sulfur or oxygen anci B is a CR^ group comprising the following steps: 
i) contacting an eq^imolar mixture of compounds of formulae (XI) and (XII): 




and 



wherein A are sulfiir or oxygen, 

with a Lewis acid or a mixture of a Lewis acid and a protonic acid; 

ii) treating the thus obtained product with CH2O in a molar ratio between said 
mixture and CH2O of a range between 10:1 and 1:10; 

iii) contacting the thus obtained product with a compound selected from an 
organoUthium confound, sodium and pbtassimn; 

iv) contacting the thus obtained product with an agent selected from the group 
consisting of copper chloride, iodine and Mg/Pd., in order to obtain a compound 
of general formula (VII) \ 

21, The process according to claim 20, wherein the Lewis acid is selected from zinc 
dichloride, cadmium dichloride, mercury dichloride, ti^tetrachloride, trifluoroborane, 
zirconium tetrachloride, titanium tetrachloride. \ 

22. A process for the preparation of a metallocene compound of fte formula (I): 
comprising the following steps: \ 
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a) contacting a compound of formula (II) as defined in claim 16 with a base, wherein 
e molar ratio between said base and the compound of formula (II) is at least 2; 

b) contacting with a compoxmd of formula MXp+2, M and X being defined as in claim 
1 and p is an integer being equal to the oxidation state of the metal M minus 2. 

A pi;ocess for preparing the compound of formula (m) as defined in claim 16 wherein A 
is sul'fiir or oxygen and B is a CR^ group comprising the following steps: 
i) \ contacting a compound of formula (Xm): 



\ 



iu) 




with a pase selected fi-om an organolithiimi compound, sodium or potassium; 
treating With a formic ester, wherein the molar ratio between said ester and the 
compounoyof formula (XM) is at least 1:2, and subsequently treating the obtained 
product wim a reducing agent in order to obtain a compound of formula (XIV): 




(XIV) 

contacting the compound of formula (XIV) with a base selected fit)m an 
organolithiimi compound, sodiimi or potassium and subsequently treating the 
dimetallated compoimd\with an alkylating agent to obtain the compoimd of 
formula (XV); 



Br Br. 



(XV) 

or alternatively treating the dimeWllated compound with an ester of boric acid 
and a protonating agent in order tAobtain the compoxmd of formula (XVI): 
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(HO)2B 




^^^^^K "B(OH)2 
(XVI) 

and subsequently contacting with a mixture of an alkylating agent in the presence 
vof an transition metal complex compound for obtaining the compoimd of formula 



iii) coV(tacting the alkylated compovmd obtained by step b) with a coupling agent; 
agent selected from the group consisting of copper chloride, iodine and Mg/Pd in 
order to obtain the compound of formula (VII). 
24. A compound o^ormula (HI) 

(m) 

wherein the rings containing A and B have a double bond in the allowed position having 
an aromatic character; A and B are described in claims 1-5 and R^, and which may be 
the same as or diflferenK from each other, are selected from a Ci-Cio-alkyl, 
C3-C2o-cycloalkyl, C2-C2o-aIkenyl, C6-C2o-aryl, C7-C2o-alkylaryl, C7-C2o-arylalkyl 
radical, optionally containing heteroatoms belonging to groups 13 or 15-17 of the 
Periodic Table of the Elements. 
25 A metallocene compound of formuA^ (I): 

R3. 




(I) 



wherein A, B, M, X, p, R\ R^, r\ R'*, R^, R^ r\ R^ and R^ have the meaning as in 

claims 1 -5 ; isopropylidene(cyclopentadienyl)-7-(cyclopentadithiophene)zirconiiun 
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dichloride, 

isopropylidene(3-methyl-cyclopentadienyl)-7-( cyclopentadithiophene)zirconium 
dichloride; 

isopropyIidene(3-ethyl-cyclopentadienyl)-7-( cyclopentadithiophene)zirconium 
dichloride; 

isopr<^ylidene(3-t-butyl-cyclopentadienyl)-7-( cyclopentadithiophene)zirconium 

dichloride; 

\ 

isopropylidene(3-n-butyl-cyclopentadienyl)-7-( cyclopentadithiophene)zirconium 
dichlorideK 

isopropyliden^(3-trimethylsilyl-cyclopentadienyl)-7-( cyclopentadithiophene)zirconiiim 
dichloride and^ 

isopropylidene \ (3-i-propyIcyclopentadienyl)-7-( cyclopentadithiophene)zirconiiim 
dichloride being excluded, 
a ligand of formula (fD: 




an) 

and/or its double bond isomers, 
wherein the rings containing A and B ha^ double bonds in any of the allowed position, 
having an aromatic character and A, B, R^, R^, r\ R^ R^ R^ and R^ have the 
meaning as in claims 1-5; isopropylidene(cyoJopentadiene)-7-(cyclopentadithiophene), ^ 
isopropylidene(3-methyl-cyclopentadiene)-7-(\yclopentadithiophene); 
isopropylidene(3-ethyl-cyclopentadiene)-7-( cyctopentadithiophene); 
isopropylidene(3-t-butyl-cyclopentadiene)-7-( cyclcroentadithiophene); 
isopropylidene(3-n-butyl-cyclopentadiene)-7-( cycldpentadithiophene); 
isopropylidene(3-trimethylsilyl-cyclopentadiene)-7-( cVlopentadithiophene) and 
isopropylidene (3-i-propylcyclopentadiene)-7-( cyclopentadithiophene) being excluded. 
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